Purpose. Examine a contemporary series of patients with primary pediatric malignant mediastinal tumors and determine epidemiology, histology, treatment, and survival.
INTRODUCTION
Primary pediatric mediastinal malignancies are rare and contemporary series reporting these tumors are uncommon. Tumor registries serve as a resource by objectively collecting the experience treating these tumors within large populations. These data allow conclusions otherwise impossible within the limited experience of individual physicians and institutions. In the future, tumor registries may become more widespread and include patients treated nationally or worldwide.
We reviewed all cases of pediatric and adult primary mediastinal malignancies diagnosed over a 23-year period to determine the histology, staging, treatment, and survival in this modern series of pediatric patients with these unusual malignancies.
MATERIALS AND METHODS
The New Mexico Tumor Registry National Cancer Institute Surveillance, Epidemiology, and End Results program (SEER) statewide database was used to abstract all cases of malignant primary tumors diagnosed between January 1, 1973 and December 31, 1995 within the state of New Mexico. This registry contains all malignancies diagnosed within the state and is not influenced by treatment center, treatment type, physician, or referral pattern. Although an occasional patient may be referred to New Mexico from outside the state, this is unusual and the registry represents an unbiased collection of cases within this large geographic catchment area. Cases were sought for further analysis using identifiers of origin from thymus; anterior, posterior, not otherwise specified mediastinum; intrathoracic lymph nodes; heart; and peripheral nerves and autonomic nervous system of the thorax. Primary tumors of the thyroid, parathyroid, airway, esophagus, and lung were excluded. Pediatric patients were defined as age 18 years or less at time of diagnosis. Comparisons were made to adult patients within the registry during the same time period.
Statistical analysis was performed using Fisher's Exact Test for binary variables, life table analysis for survival data, and Kruskal-Wallis analysis for age distributions.
RESULTS
Twenty-two patients with pediatric primary mediastinal malignancies were identified from a total of 110,284 patients abstracted. Fifty-nine percent were male (13/22) and 41% were female (9/22). Histologic confirmation was made in 96% of patients (21/22) . Median age was 11 years. Forty-six percent (10/22) of patients were non-Hispanic Whites, 50% (11/22) were Hispanic Whites, and 5% (1/22) were Black.
The histologic distribution was lymphoma in 55% (12/22), neurogenic malignancies in 23% (5/22), malignant germ cell tumors in 18% (4/22) , and sarcoma in 5% (1/22) (Table 1) .
Localized disease, defined as tumor confined entirely to the organ of origin, was present in 45% (10/22) of patients (Table 2) . Regional disease, defined as disease extending directly into surrounding organs or tissues and/or involved regional lymph nodes, was present in 23% (5/22) of patients. Distant disease, defined as tumor spread to remote areas of the body, was present in 32% (7/22) of patients. Even excluding lymphomas, tumors were localized in only 50% (5/10 versus 10/22, p > 0.5), regional in 30% (3/10 versus 5/22, p > 0.5) and distant in 20% (2/10 versus 7/22, p > 0.5).
Five percent (1/22) of patients received no treatment, and the remaining patients received surgical therapy, medical therapy (MED), radiation therapy (XRT), or combination therapy. MED consisted primarily of chemotherapy, but by definition within the registry, also included any hormonal or immunotherapy. Overall, MED and XRT were the most common treatment modalities and were part or all of treatment in 71% of patients (15/21) each (Table 3) . Surgery was part or all of treatment in 33% (7/21) of the total group, and in 67% (6/9) of treated patients without lymphoproliferative malignancies (p = 0.12).
Lymphomas were the most common tumors and occurred in 55% (12/22) of patients (Table 1) . Fifty-eight percent (7/12) of patients were male and 42% (5/12) were female. The median age was 15 years. Lymphomas were Hodgkin's disease in 58% (7/12) and non-Hodgkin's lymphoma in 42% (5/12). All Hodgkin's lymphomas were nodular sclerosing subtypes. Tumors were staged as localized in 42% (5/12) of patients, regional in 17% (2/12), and remote in 41% (5/12) ( Table 2 ). MED and XRT were part or all of treatment in 83% (10/12) of patients each (Table 3 ). Surgery was part or all of treatment in only 8% (1/12) of patients. The five-year survival for patients with lymphoma was 74% ( Table 4 ). The five-year survival for patients with Hodgkin's lymphoma was not significantly higher than for non-Hodgkin's lymphoma (83% versus 60%, p > 0.5). Neurogenic tumors were the second most common pediatric primary mediastinal tumor and occurred in 23% (5/22) of patients (Table 1) . Forty percent (2/5) of patients were male and 60% (3/5) were female. Median age was less than one year and all patients were age three years or younger. Neuroblastoma was present in 80% (4/5) of patients and ganglioneuroblastoma in 20% (1/5). Neurogenic tumors were localized in 60% (3/5) of patients, regional in 40% (2/5), and remote in none (Table 2) . One patient did not receive therapy. Treated patients received surgery alone in 100% (4/4) of cases (Table 3) . No patient received MED or XRT. The five-year survival of neurogenic tumors was 67% (Table 4) . Only patients with localized disease survived beyond two years.
Primary Mediastinal Malignancies
Germ cell tumors occurred in 18% (4/22) of patients (Table 1) . Seventy-five percent (3/4) of patients were male and 25% (1/4) were female. Median age was 17 years. Germ cell tumors were malignant teratoma or teratocarcinoma in 50% (2/4), mixed germ cell tumor in 25% (1/4), and embryonal carcinoma in 25% (1/4). There were no pediatric seminomas. Germ cell tumors were localized in 25% (1/4) of patients, regional in 25% (1/4) of patients, and remote in 50% (2/4) of patients ( Table 2) . Both MED and XRT were used in 100% (4/4) of patients (Table 3) . Surgery was part of treatment in 50% (2/4) of patients. The five-year survival of germ cell tumors was 25% (Table 4) . No patient with regional or distant disease survived beyond one year.
One patient had sarcoma (alveolar rhabdomyosarcoma). This patient was male and 11 years old at diagnosis. He had localized disease but was treated with combined MED and XRT. He survived only 18 months.
Within the pediatric group there were significant differences in age between histologies. Median age was 15 years for lymphomas, one year for neurogenic tumors, and 17 years for germ cell tumors (p = 0.005). There were also significant differences in treatment modality. Overall surgery was used in 100% (4/4) of treated patients with neurogenic tumors, 50% (2/4) of malignant germ cell tumor patients, and 8% (1/12) of lymphoma patients (p = 0.002). The five-year survival for the entire group was 61%. Five-year survival was 74% for lymphomas, 67% for neurogenic tumors, and 25% for malignant germ cell tumors (p = 0.22). The five-year survival was not . Pediatric patients with germ cell tumors appeared to have worse five-year survivals than adults (25% versus 54%, p > 0.5) while pediatric lymphoma and neurogenic tumor patients appeared to have better five-year survivals than adults, but none of these differences were statistically significant (74% versus 52%, p = 0.22 and 67% versus 0%, p > 0.5, respectively). The overall five-year survivals were not statistically different between groups (61% versus 51%, p > 0.5).
COMMENT
Primary tumors and cysts of the mediastinum in children and adults are uncommon; they represent only 1/1,076-3,400 admissions to tertiary care medical centers, and approximately 3% of tumors within the chest [1] [2] [3] [4] . In a collected series of primary mediastinal tumors and cysts, 25%-49% of these lesions are malignant [1, 2, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Pediatric primary mediastinal tumors are even less common, but the risk of malignancy is increased to approximately 75% [14, 15] . We found only 22 of the 110,284 patients, or 1 of 5,013 patients with primary malignancies entered in the New Mexico tumor registry, were children with primary mediastinal malignancies.
The reported frequency of histologies depends upon the inclusion criteria of the series. Treatment and referral patterns, the presence of benign tumors and cysts, and classification by anatomic location, tissue of origin, or pathologic diagnosis will affect results. Our series encompasses all pediatric patients with malignancies diagnosed within New Mexico between 1973 and 1995. Aside from age and geographic location at time of diagnosis, there were no selection biases.
In previous reports of pediatric primary mediastinal malignancies, lymphomas were most common and present in 51%-71% of cases [14] [15] [16] [17] [18] . Our most common pediatric tumor was also lymphoma, present in 55% of patients. Hodgkin's disease has been reported to cause 33%-56% of pediatric mediastinal lymphomas [14] [15] [16] [17] [18] [19] . Approximately 80%-90% are nodular sclerosing [14] [15] [16] [17] [18] . We found Hodgkin's disease in 58% of pediatric lymphomas and nonHodgkin's lymphoma in 42%. All our pediatric Hodgkin's were nodular sclerosing subtypes. Others have reported fiveyear survivals of pediatric lymphomas as 77% and survival of pediatric mediastinal Hodgkin's disease as 89% [15] . Our pediatric lymphoma five-year survival of 74% and Hodgkin's disease five-year survival of 83% compare favorably. We found no significant differences between children and adults in frequency, staging, or survival of lymphomas or Hodgkin's disease.
Neurogenic tumors are reported to be the second most common pediatric mediastinal malignancy seen in 21%-44% of cases [15, 17, 18] . Neuroblastoma is most common and occurs in children two years of age or younger [15, 18] . Ganglioneuroblastoma is the second most common [14, 15, 17] . We found malignant neurogenic tumors in 23% of children. Almost all tumors were neuroblastomas occurring in infants. Surgery was used in all treated patients. Reported survivals have been 60%-83% for neuroblastoma and 89% for ganglioneuroblastoma [15, 17, 18] . Our overall pediatric five-year survival was 67%. Compared to adults, neurogenic mediastinal malignancies were significantly more common in children.
Mediastinal germ cell tumors arise from malignant transformation of mediastinal primordial germinal elements. Malignant germ cell tumors have been previously reported in 0%-4% of pediatric mediastinal malignancies [15, 20] . Seminoma occurs in 21%-50% of malignant mediastinal germ cell tumors, but in children seminomas are rare [4, 5, [7] [8] [9] [10] 13] . Most pediatric malignant mediastinal germ cell tumors are yolk sac histology [21] . We found malignant germ cell tumors in 18% of pediatric patients. The five-year survival was 25%. The overall five-year survival including adults was 51%, comparable to the five-year survivals of 45% for malignant germ cell tumors of all ages previously reported [3, 5, 8, 13] .
Other tumors were unusual. Sarcomas have been reported in 2%-3% of pediatric mediastinal malignancies [1, 2, 4, 7, 8, 10-13, 15, 17, 22] . We found sarcoma in 5% of children. There were no statistical differences when compared to adults in incidence, staging, treatment, or survival. Malignant thymomas in children are rare and there were none in our pediatric series [17, 23] .
Lymphomas occurred in 55% of children, neurogenic tumors in 23%, germ cell tumors in 18%, and sarcomas in 5%. The incidence of malignant germ cell tumors, sarcomas, Hodgkin's disease, and nodular sclerosing Hodgkin's disease was higher than previously reported. Our large number of patients, the recent time interval under examination, the exclusion of benign tumors and cysts, and the absence of selection bias support our results. There were significant age differences within the pediatric group by histologic diagnosis. Neurogenic tumors occurred in infants and germ cell tumors and lymphomas presented in teenagers. Staging did not vary significantly between histologies. Surgery had a major role in the management and was used significantly more often in pediatric germ cell tumors and neurogenic tumors than in lymphomas. Five-year survival was 74% for lymphoma, 67% for neurogenic tumors, and 25% for germ cell tumors. When compared to adults, neurogenic tumors were significantly more common and thymomas significantly less common in children. Otherwise staging and survival did not differ significantly.
Since these tumors are rare, few other sizable reports exist. This study demonstrates the advantages of a large data base in studying unusual tumors. We were able to determine and compare the histology, demographics, staging, and treatment of mediastinal malignancies in children and adults and demonstrate significant differences within the pediatric population, and between children and adults. In addition to the large group of patients available for study, the database had the advantage of objectivity when compared to results derived by other means. In the future, databases such as ours may become an important means for studying and treating unusual malignant tumors.
